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ABSTRACT. A blast wave overpressure-time history contains
voluminous data which can be greatly simplified by converting
. them into equivalent yield. This calculation requires two in-

=d dependent parameters, usually chosen from measurements on peak
overpressure, impulse, standoff distance, or travel time. Re-
presentative computations are described. Concurrence among the
results of these for a particular explosion indicates a simple
explosion situation and reliable data; divergence implies some
effect such as focussed blast, or perhaps errors in measurement.
All such information is useful in evaluation of blast wave data,
and can contribute to our understanding of explosion phenomena.
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EXPLOSIVE YIELD

The magnitude of an explosion is described by explosive yield. A
representative example is description of the first nuclear explosion as
equivalent to twenty thousand tons of TNT. Explosive yield serves to
specify, indirectly, characteristics of the blast wave generated at
different distances from the explosion. Determination of explosive
yield is important in many instances; examples include evaluation of
some new explosive, assessment of hazards associated with manufacture
or transportation of explosives, or development of some new explosion
weapon.

BLAST WAVE YIELD

An explosive yield computed from blast wave measurements is iden-
tified as a blast wave yield. Computation of a blast wave yield is the
inverse of a conventional problem in the physics of explosions, one
where blast wave characteristics are calculated for a specified explo-
sion. This conventional problem has been solved theoretically for the
special case of a centrally initiated bare spherical charge exploding in
a uniform atmosphere, and for related situations such as a hemispherical
charge exploding on an extended unyielding surface (Ref. 1 and 2).

These calculated values have been adequately verified by experimental
measurements (Ref. 3). These values describe a reference explosion, and
form the basis for calculations of this present report.

To convert values for the reference explosion so that they describe
the blast from some actual explosion, two independent parameters need be
specified. Conventionally these are an explosive yield, usually ex-
pressed as a multiple of the yield of the reference explosion, and a
distance from the explosion center. Also needed are a formulation of
the scaling law for explosions, plus a complete mathematical description
of the reference explosion. Together these items establish the entire
pressure-time history for the particular blast wave system of concern.
Details of the computation are described in several sources, among them
Ref. 3, 4, and 5.
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THREE TYPES OF BLAST OVERPRESSURE

In description of a particular blast wave system, the blast pres-
sure item may be described in terms of either an absolute pressure or as
an overpressure, the pressure above ambient. In this material we work
exclusively in terms of blast overpressure, an item which in practical
work may be referred to by the simple term '"pressure.” We should note,
however, that there are three different types of blast wave overpressures
corresponding to three different arrangements o the gages used for the
measurement .

Simplest of these blast pressures is the free field value that
exists in the undisturbed blast wave. A gage with sensing element
normal to the direction of propagation of the blast (side-on to the
blast front) and which also does not disturb the blast system can mea-
sure this. Thus, the phrase 'side-on' commonly indicates a free field
value. Results from a pencil type of blast gage offer an example. Here
the physical arrangement of the gage together with its small size and
pointed front give measured side-on values that can be very close tn
those of the free field.

Other blast gage arrangements involve face-on gages. Here the
sensing element faces the explosion center and the blast impinges di-
rectly onto it. However, depending on the physical arrangement, there
are two different face-on overpressures. One of these has a sensing
element that is part of an extended unyielding surface which also is
normal to the direction of propagation of the blast. The large un-
yielding surface causes the blast wave to be reflected so that the
measurement is of the reflected overpressure. A face-on gage at a hard
earthen surface, or perhaps one embedded in a large sheet of armor
plate, can provide a reflected overpressure—time history for an imping-
ing blast wave system,

Another type of measurement uses a face-on sensing element without
the surrounding reflecting surface. Here the gage acts in the manner of
one of the elements of a Pitot tube, and measures the sum of the free
field overpressure and an impinging effect of the blast wind. This is
termed a stagnation overpressure, implying that the measuring device
has rendered the blast wind stagnate. A stagnation overpressure is
necessarily greater than the free field overpressure, and is necessar-
ily less than the reflected overpressure.
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BLAST MEASUREMENT PROBLEMS

Computation of a blast wave yield requires data such as the over-
pressures generated at a particular location. All the various types of
gages for this measurement have special problems of their own, and there
are associated problems in recording instruments and interconnecting de-
vices. One problem for the gage-connection-recorder system is response
time, for the system must register pressures nearly instantaneously, yet
be without overshoot. Calibration of the system is also something of a
problem, perhaps more severe than sometimes realized. Calibration of
the system is necessary in order to convert its output into overpres-
sures, and ideally this calibration should be made on a time scale com-
parable with that of the desired measurement. Yet it is difficult to

obtain pressure rise rates in a calibration device that are at all com-
parable with those of an explosion.

Subtle difficulties with blast measurements . e also associated
with details of gage placement. Thus gage orientation and type of over-
pressure being measured, free field, reflected, or stagnation, must be
specified for the data to be meaningful. A gage with a side-on sensing
element should not interact with the blast but may actually do so and
cause observed values to differ from those of the free field. One
troublesome source of possible interaction is the mounting for the gage,
which, of course, must be sturdy, but not sufficiently large to cause a
disturbance. Face-on gages are also subject to special difficulties.
Thus, a gage may protrude from a surrounding surface so that the type
of overpressure it measures changes from stagnation to reflection dur-
ing the measurement. Alternatively, a reflecting surface surrounding
a gage may be too small to block all flow; here the type of overpressure
being measured changes during the measurement from that of a reflected

to a stagnation overpressure. In such cases interpretation of the d~ta
is difficult.

Blast gages also are particularly sensitive to the presence of
neighboring surfaces, for these can give unwanted reflections of annoy-
ing nature. This aspect may place limitations on the physical arrange-
ment for a test, as, for example, in the vertical height of test gear
or the location of support structures. Furthermore, some blast gages
with associated connections are sensitive to acceleration; here motion
caused by the blast can introduce error. In view of all these and other
difficulties, it is only to be expected that bhlast overpressure-time

histories ordinarily are subject to uncertainties. Some aspects of this
situation are considered below.

A typical blast overpressure~time record and its required calibra-
tion are illustrated in Fig. 1.
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FIG. 1. Typical Overpressure-Time History
and Pressure Calibration.
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OVERPRESSURE-TIME HISTORY

An overpressure-time record for a blast wave contains a great deal
of information about the explosion. The problem here is to organize
this information into simple meaningful terms. For this it is conven-
ient to extract from the overall record two pertinent values, (l) the
peak overpressure that exists at the blast wave front, and (2) the
overpressure-time integral for the initial positive phase of the blast
wave system. This latter represents a positive impulse per unit area,

| and may be referred to by the simple term "impulse." Other items such

as duration of the positive pressure phase and its rate of decay may
also be of concem.

The peak overpressure for the blast wave can be found by back
extrapolation of the initial portion of the record to time zero, the
instant of arrival of the blast wave front (Ref. 6). This extrapola-
tion avoids difficulty with overshool or with finite rise time in the
gage~connector-recorder system. For this purpose it is desirable to
' convert the analogue record as illustrated above to digital form, and
then perform the extrapolation by computer. Figure 2 illustrates this
conversion. Here readings taken from the analogue record and its cali-
bration have been converted to overpressure and time, and plotted as
. points on semilogarithmic coordinates for the first two-thirds of the
record. A straight line is then fitted by a least-squares technique.
The intercept of this line gives the peak overpressure; its slope de-
scribes the decay characteristic of the blast wave. The intercept in
this case indicates a peak overpressure of 58.3 psi, versus a maximum
' observed overpressure of 38.5 psi, and the slope, m, is -2.25 ms-—!,
The discrepancy between peak overpressure and maximum overpressure as
illustrated here is typical of a situation where a low impedance rela-
tively slow gage system is used. This discrepancy indicates some of
the possible errors associated with interpretation of blast wave data.

A parallel technique using the last third of the positive over-
;- ressure phase permits a precise identification of blast wave duration,
tq. This is illustrated in Fig. 3, where a duration is found as 1.39 =s,
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FIG. 2. Peak Overpressure Found From a Digitalized
Overpressure-Time History.
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From results of such calculations the record for the entire posi-

tive phase of a classical overpressure-time history can be fitted to
the semi-empirical equation (Ref. 3)

“bt/t

p=pl(lt/t e d

(1)

where p is the overpressure at time t from zero time, p' the peak over-
pressure that occurs at zero time, t4 the duration of the positive phase
and e the base of natural logarithms. Here, the item b is a decay pa-
rameter related to the slope m of a previous figure and found as b =

- mty - 1, and equals 2.14 for the blast wave above. Figure 4 is recon-
structed from the data of Fig. 1. This shows observed values as points,
and a line that corresponds to Eq. 1. General concurrence is evident.
Validity of the equation and of its defining parameters can be further
checked by values for impulse, that is, the overpressure-time integral.
For this one compares the results of an analytic integration of the
equation with those obtained by numeric integration using the original
data. .In this instance the impulse indicated by integration of Eq. 1

is 22.3 psi-ms, and that found by direct numeric integration is 21.4
psi-ms. Reasonable agreement such as this is to be expected in most
circumstances where the blast wave configuration is classical in nature.
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FIG. 4. Computed Decay Curve Compared With Observed Data Points.
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THEORETICAL ASPECTS OF BLAST WAVE YIELD COMPUTATION

The two items obtained above, (1) peak overpressure, and (2) im-
pulse are important for many purposes, as for example, In assessment of
damage potential. In experimental studies on blast two additional
items, (3) distance from center of explosion to sensing element, or
standoff distance, and (4) the time interval between initiation of the
explosion and arrival of the blast front at the gage, identified as
travel time or as time of arrival, frequently are readily measured and
provide additional useful information. An important observation con-
cerning the four items is that only two of them are needed to establish
a value for blast wave yleld. This observation is consistent with item
(1) above, that two independent parameters can specify a blast wave. Now
there are six possible combinations of four things taken two at a time.
Hence, the four items here can provide six separate estimates for the
blast wave yield. If more than one gage is used for the test, then,
more than one set of six estimates can be made.

A useful aspect of such multiple estimates of blast wave yield is
that they permit an immediate evaluation of the internal consistency of
observed data. If the estimates agree reasonably well with each other,
confidence can be placed in the overall results. On the other hand,
disagreement may indicate errors in measurements or in calibrations.

It also may indicate a different type of explosive, or blast anomalies,
such as jetting or an asymmetrical wave front, or that the configuration
of the actual blast wave system differs from the classical one of the
reference explosion. Disagreement may result from effects such as a
blast being focussed to increase its peak overpressure without a cor-
responding increase in impulse, or the presence of inert material in

the explosive that increases reflected impulse without a corresponding
increase in side-on overpressure.

Another aspect of these blast wave yield calculations of possible
interest concerns distributed energy explosions. Here there may be no
definite explosion center and no definite travel time. However, over-
pressure-time history above, through peak overpressure and impulse,
makes it quite feasible to find an effective yield. Then by inverting
the yield calculation an effective standoff distance can be determined.
This is illustrated by a calculation in the Appendix. Thus, in many
circumstances, determination of blast wave yields can contribute both F
to an appreciation of the instrumentation problems in explosion tests
and to our understanding of explosions and their damage potential in
general .

iy
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SCALING LAW EXPRESSTIONS

Determination of explosive yield from blast wave measurements is
essentially an application of the scaling law for explosions. This law
as used here expresses the observation that an explosion creates a dis-
turbance by distributing energy throughout a surrounding volume, and
that two disturbances are similar if they have the same geometry and if
the energy release into unit amount of disturbed material is the same.
Now for an explosion in a uniform atmosphere the total amount of dis-
turbed material is proportional to its volume (cube of a distance) and
also to its density. Thus, for two similar but different explosion
disturbances, identified by subscripts 1 and 2,

W /W, = plr?/ogrg (2)

where W is the explosive energy release, r the distance from center of
the explosion to edge of the disturbance, (this distance is a function

of time), and p is the density of the undisturbed surrounding atmosphere.
This formulation of the scaling law is a modification of an earlier form
(Ref. 7) that uses pressure rather than density as an index of mass.

Now consider a reference explosion with energy release Wq into an
atmosphere with density pg. Let a distance from this reference explo~-
sion be termed a ''scaled distance."” Equation 2 now indicates that
another explosion with energy release W creates a similar disturbance
in an atmosphere with density p under conditions such that

scaled distance = (actual distance) (p/p0)1/3(wo/W)1/3 (3)

This important expression is the basis for the blast wave yield calcula-
tions described here. It may be shown (Ref. 5) that it contains within
it a corresponding definition of a scaled time, that is, a time interval
pertaining to the reference explosion, as

scaled time = (actual time) (p/po)l/a(wo/W)ll3(a/ao) (4)

where a is the speed of sound, and the subscript O identifies a value
for the reference explosion. A corresponding expression foar scaled im-
pulse becomes

scaled impulse = (actual impulse)

(p/oo)ll"(wolw>1/3(a/ao)(PO/P> (5)

10
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where P indicates absolute atmospheric pressure.

These forms of the scaling relations are the inverse of conventional

ones that describe an actual explosion In terms of values computed for a
reference explosion.

YIELD EXPRESSIONS

Each of the last three formulations of the scaling law above can be
rearranged to provide a direct solution of an actual energy release
(yield) W in terms of a reference yield Wg. For this it is convenient
to express the atmospheric density ratio in terms of absolute pressure
and temperature, or (p/pg) = (P/Py)To/T). Also the speed of sound in
the atmosphere varies as the square root of its absolute temperature, or

(a/ag) = (T/To)l/z. Three expressious for blast wave yield W then be-
come

W = Wy (actual distance/scaled distance) 3 (P/Pg) (Ty/T) (6)
W = Wy (actual time/scaled time)3(P/PU)(T/TU)1/2 )
W = Wo(actual impulse/scaled impulse)3(Po/P)2(T/To)l/z (8)

These equations pertain to geometrically similar blast wave systems that

create the same intensity of disturbances in their surrounding atmo-
spheres.

The pressure and temperature ratios of the above three equations
can be combined with measured values of distance, time, or impulse to

give terms which are corrected for atmospheric conditions if different
from those for the reference atmosphere. That is,

corrected distance = actual distance(P/Pﬁ)1/3(Tl,/T)1/3 (9)
corrected time = actual time(P/Po)l/:"(T/To)1/6 (10)

_ , 2/3 1’6
corrected impulse = actual impulse(Py/P) (T/Tq) (11)
11

.
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These corrected items can make an apparent simplification in the equa-
tions for yield calculation. Working equations for blast wave yield W
in terms of a reference yield Wy so become

W = Wy (corrected distance/scaled distance)3 (12)
W = Wy(corrected time/scaled time)3 (13)
W = Wy(corrected impulse/scaled impulse)3 (14)

As a check on these equations, note that working Eq., 12 when combined
with Eq. 9 gives the basic scaling law of Eq. 3, etc.

The fractional power terms involved in the corrected items of the
above equations may in some cases be unimportant and then can be neg-
lected. It may also be noted that each blast wave yield as computed in-
volves the cube of a ratio, hence any uncertainty in the original mea-
surement is magnified by a factor of three in this computation. Blast
wave ylelds, therefore, are necessarily rather imprecise.

REFERENCE EXPLOSION DATA

The above equations are in terms of a corrected item that involves
measurements on an actual explosion and a scaled item for the geometri-
cally similar blast wave of a reference explosion. Thus, to use these
relations a reasonably complete description of a reference explosion is
needed. This description may be in the form of graphs, tables, or even
equations; many such data are scattered through the technical literature.
A fairly detailed and convenient source of data is provided by the tables
of Ref. 3, and these tables are used in the calculations illustrated
here. These are in English units with the explosion of a bare spherical
charge of one pound of TNT in a uniform atmosphere at 13.6 psia and 59F
as the reference. A second table is available for use with forthcoming
metric units; this describes the explosion of one kilogram of TNT in an
atmosphere at one bar (1,000 mb) and 16C (59F). The reference tables
may be used directly for manual computation, as illustrated here, or
they may be stored in equivalent condensed form for ready computer use.

— ek e
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YIELD CALCULATED FROM OVERPRESSURE AND DISTANCE

The ratio of peak overpressure to ambient pressure is a direct
measure of blast wave intensity, hence the scaling law requirement for
similarity is met where two different disturbances show the same over-
pressure ratlo. This requirement for identical ratios indicates that a

correction must be applied if an actual ambient pressure differs from
that assumed for the reference explosion. That is,

corrected overpressure = actual overpressure (Py/P) (15)

where Pg is the absolute atmospheric pressure for the reference explo-
sion, and P the ambient pressure in the atmosphere of the actual
explosion.,

A yield calculation based on overpressure requires, in addition,
data on some other item, in this case taken as a standoff distance.
This, however, must be the actual distance from the center of the explo-
sion to the sensing clement, and is not quite identical with distance
from charge surface to tip of a gage. A convenient routine for computa-~
tion of yield using overpressure-~distance data is as follows. WNote that

the routine requires incidental data on the pressure and temperature of
the actual atmosphere.

1. Find the peak overpressure from the blast wave record,
as by the extrapolation method described above.

2. Convert this peak overpressure to reference conditions
by multiplying by the factor (Py/P), as in Eq. 15.

3. Enter the table for the reference explosion at the
corrected value of the peak overpressure and find a
corresponding standoff distance for the reference
explosion. This is the scaled distance.

4, Correct the actual distance for atmospheric pressure

and temperature, as by Eq. 9. This gives the corrected
distance.

5. Compute yield as the cube of the ratio (corrected dis-
tance/scaled distance), as by Eq. 12,

The reference overpressure used in this calculation must be of the
same type as that for the actual explosion, that is, free field re-
flected, or stagnation. Both free field and reflected values are pro-
vided directly in reference tables. For the less frequently used
stagnation overpressure the most convenient procedure seems to be to

convert to free field values. Formulas and tables that provide for
this conversion are given in Ref. 5.

13
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The five steps of the calculation above are illustrated using
for the explosion whose overpressure-time history is shown in
1 through 4, and for which other data are given in the Appendix.

data
Fig.

Step 1. The determination of peak overpressure from the over-

pressure~time history is illustrated in Fig. 2. This peak
overpressure is found to be 58.3 psi.

Step 2. By Eq. 9, correct peak overpressure = 58.3 x (13.6/13.6)
= 58,3 psi.

Step 3. Entering the table of Ref. 3 at a peak reflected
overpressure of 58,3 psi, the corresponding scaled distance
is seen o be between 5.60 and 5.65 feet. Linear interpola-

tion, adequate for purposes here, indicates a scaled dis-
tance of 5.64 feet.

Step 4. Corrected standoff distance = 5.50 x (13.6/13.6)1/3
(59+460) /(102+460)1/3 = 5,36 feet.

Step 5. Yield = (5.36/5.64)3 = 0.86 pounds TNT.

YIELD CALCULATED FROM OVERPRESSURE AND TRAVEL
TIME OR IMPULSE

A yield calculation using overpressure with travel time rather than
with standoff distance is quite similar to the calculation above, except
of course, that Eq. 10 and 13 involving time are used rather than those
involving distance. Calculation of yield from overpressure and impulse
also proceeds in a similar manner. The Appendix includes the results of
these plus other calculations of blast wave yield.

YIELD CALCULATED FROM STANDOFF DISTANCE
AND TRAVEL TIME ONLY

Yield calculation using overpressure are straightforward in that
they permit direct entry into a reference table. Where only standoff
distance and travel time are to be the basis for a yield calculation,
such direct entry may not be possible. This difficulty can readily be
circumvented, however. Thus, by combining working Eq. 12 and 13 it can
be seen that the ratio (corrected distance/corrected time) is identical
with the ratio (scaled distance/scaled time). This ratio has the physi-
cal meaning of average travel speed, and also is a measure of explosion

14
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disturbance intensity. A technique for computaticn of yield using such

data is as follows.

Step 1. Correct standoff distance for ambient pressure and
temperature, as by Eq. 9, and travel time as by Eq. 10.
Divide the first by the second to find the corrected (dis-
tance/time) ratio. This is also the scaled ratio.

Step 2. Enter the table describing the reference explosion
at the computed (distance/time) ratio, and find a correspond-

ing scaled distance.

Step 3. Compute blast wave yield as the cube of the ratio
(corrected distance/scaled distance), as by Eq. 12.

An alternative procedure is to find scaled time in Step 2 rather

than scaled distance, and then compute yleld as the cube of a time ratio.

The two procedures give identical results.

A convenient circumstance for the above calculation is that the
tables of Ref. 3 provide directly the needed values for the average
travel speed for the blast wave of the reference explosion. If tables
without this item are to be used, it can readily be provided by simple
division of tabulated distance by tabulated time.

YIELD CALCULATED FROM IMPULSE-DISTANCE AND
FROM IMPULSE-TIME DATA

Computing a yield using only impulse-standoff distance data has a
difficulty mentioned above; there may be no means for ready entry to
the table that describes the reference explosion. However, by combin-
ing EqQ. 12 and 14 it can be seen that the ratio (corrected impulse/
corrected distance) is identical with the ratio (scaled impulse/scaled
distance). A computational technique based on this observation is as
follows.

Step 1. Correct impulse and standoff distance for atmo-
spheric pressure and temperature, as by Eq. 9 and 11. Then
find the ratio of these. This also is the ratio (scaled
impulse/scaled time).

Step 2. From individual tabulated values for impulse and
for distance in the table for the reference explosion, pre-
pare a supplemental column of (impulse/distance) ratios.
Enter this column with the ratio of corrected values found
in Step 1, and note the corresponding scaled distance.

15
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Step 3. Compute yield as cube of the ratio (corrected dis-
tance/scaled distance).

A parallel routine using data for impulse and for travel time per-
mits a separate yield computation, for by Eq. 13 and 14 the ratios

(corrected impulse/corrected travel time) and (scaled impulse/scaled
travel time) are identities.

In all these calculations it is important to know the type of im-
pulse measured, whether free field, reflected, or stagnation, and to use
corresponding values for the reference explosion. It should also be
noted that relatively few descriptions of the blast wave for a reference
explosion include all these individual impulse items.

COMPUTER CALCULATIONS

The above yield computations, including extraction of peak over-
pressure and determination of observed impulse, can all readily be
performed by computer. A program using digitalized data in punched-card

form has been prepared for this purpose, and its use is indicated for
routine or repetitive calculations.
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Appendix
TYPICAL CALCULATIONS
1. MEASURED CONDITIONS OF TEST EXPLOSION
ambient pressure 13.6 psia
ambient temperature 102 F
standoff distance 5.50 ft
travel time 1.71 ms

Obtained From Overpressure-Time History (Reflected Values)

peak overpressure 58.3 psi
impulse 21.4 psi-ms

Corrected to Reference Conditions of 59F and 13.6 psia

corrected peak overpressure 58.3 psi
corrected standoff distance 5.36 ft
corrected travel time 1.69 ms
corrected impulse 21.1 psi-ms

Computed Yields (pounds TNT) based on:

peak overpressure and standoff distcance
peak overpressure and travel time
peak overpressure and impulse
standoff distance and travel time
impulse and standoff distance
impulse and travel time

average

standard deviation

OO0 O0OOKHOC
OWVWO OO ROR
AL WO

H

The concurrence illustrated is representative of reasonably good
measurements made under field conditions.

17




NWC TP 5020

2. ANALYSIS OF BLAST FROM A FUEL-AIR EXPLOSION

The overpressure-~time. record made at the surface of the earth
during an overhead fuel-air explosion indicated a peak reflected over- .
pressure of 245 psi and a positive reflected impulse of 210 psi-ms.
Assume atmospheric pressure and temperature close to those of the refer-
ence explosion so that correction may be neglected and find the indi-
cated yield and the equivalent standoff distance.

This peak reflected overpressure corresponds, by the tables of Ref.
3, to a scaled reflected impulse of 42.3 psi-ms. Then by Eq. 14,

indicated yield = (210/42.3)3 = 130 pounds TNT

This observed peak overpressure also indicates a scaled distance
of 3.65 feet. By Eq. 3, when inverted

actual distance = 3.65 (130)1/3 = 18.5 feet

That is, this distributed energy explosion is equivalent at this
particular location to the concentrated energy explosion of a bare

spherical charge of 130 pounds of TNT directly overhead at a height of
18.5 feet.

18

iy




NWC TP 5020

REFERENCES

Brode, H. L. '"Numerical Solution of Spherical Shock Waves," J APPL
PHYS, Vol. 26 (1955), p. 766.

Rand Corporation. A Calculation of the Blast Wave From a Spherical
Charge of TNT, by H. L. Brode. Santa Monica, Calif., RAND, August
1957. (Research Memorandum RM-1965.)

Naval Weapons Center. Engineering Elements of Explosions, by G. F.
Kinney. China Lake, Calif., NWC, November 1968. (NWC TP 4654.)

Glasstone, S. The Effects of Nuclear Weapons. U. S. Atomic Energy
Commission, 1962,

Kinney, G. F. Explosive Shocks in Air. New York, N.Y., Macmillan,
1962,

Ballistic Research Laboratory. A Procedure for Reading and Smooth-
ing Pressure-Time Data from H.E. and Nuclear Explosions, by N. H.
Ethridge. Aberdeen Proving Ground, Md., BRL, September 1965. (BRL
Memorandum Report No. 1691.)

------ . The Dependence of Blast on Ambient Pressure and Temperature,

by R. G. Sachs. Aberdeen Proving Ground, Md., BRL, May 1944. (BRL
Report 466.)

19

— - ——




=

UNCLASSIFIED
Secunty Classification
DOCUMENT CONTROL DATA-R&D
Sevcuraty classificatian of title, hody ol abstra tand andesing anootation must be entered when the overall sreport is classilied)
1 ORIGINATING ACTIVITY (Corporate inthor) &a, REPORT SECURITY CLASSIFICATION
Naval Weapons Center UNCLASSIFIED
China Lake, California 93555 B GREIF

3

REPOPT TITLE

BLAST WAVE YIELDS FOR AN EXPLOSION

4 DESCRIPTIVE NOTES (Type nf report and inclusive dates)
Research Report
5 AUTHORIS) (First name, middie initial, last name)

Gilbert F. Kinney

6 REPORT DATE 7a4. TOTAL NO. OF PAGES 7h. NO. OF REFS
Qctober 1970 20 7
B, CONTRACT OR GRANT NO

T

94, ORIGINATOR'S RETORT NUMBERIS)

. PROJECT NO. ch TP 5020

AIR TASK A350-350D/216F/0 F17-353-501

9b. OTHER REPORT NOI(S) (Any other numbers that ruay be assigned
this report)

. DISTRIBUTION STATEMENT

This document is subject to speclal export controls and each transmittal to foreign

governments or foreign nationals may be made only with prior approval of the Naval
Weapons Center.

SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

Naval Air Systems Command
Department of the Navy
Washington, D. C. 20360

ABSTRACT

A blast wave overpressure-time history contains voluminous data which can be
greatly simplified by converting them into equivalent yield. This calculation
requires two independent parameters, usually chosen from measurements on peak
overpressure, Iimpulse, standoff distance, or travel time. Representative
computations are described. Concurrence among the results of these for a
particular explosion indicates a simple explosion situation and reliable data;
divergence implies some effect such as focussed blast, or perhaps errors in
measurement. All such information 1s useful in evaluation of blast wave data,
and can contribute to our understanding of explosion phenomena.

DD o’ 1473 (PacE 1)

S/N 0101.807-6801

UNCLASSIFIED

Security Classification

Lle.




UNCLASSIFIED

Security Classification

KEY WORDS

LINK A

LINK B

LINK C

ROLE wT

ROLE wWT

ROLE CWT

Blast waves

Explosives

Explosive yield
Instrumentation for blast
Spherical charges

Scaling law

DD 72,1473 (sacx)

(PAGE 2)

UNCLASSIFIED

Security Classification

Lo




b AL

—
- T
-~ = - — —

satdod g ‘paed I
(12a0)

-9adsy ‘*owil [oARIl I0 dOUEISTP Jjopuels ‘osind
-ur ‘aanssaidisao yead uo sjuswaansesw wWoxj Uasoyd
A1Tensn ‘sasjoswesed juspuadapur om] sairnbeaa uoriel
-noTe2 STyl °*PI2IL Juareainbs ojur weyjl ZuUrlIlAUOD
Aq potyITduis AT3eaa8 2q ued YOTYM BIBP SNoUTWNTOA

SUTR3UO0D AI103STY Swil-aanssaidiaso aaem 3ISeIq V
(" @IIAISSVIONN uor3ediiqnd €QZ0S 4l OMN) *dd 0¢
*0L6T 1290320 “OMN ‘°3ITIED ‘®jel euTy)y “4Lauury

*d °9 £q ‘uoTrsoldxd ue Io0J SPISIX °ABM 3ISeId
I93ua) suodesy TBABN

sotdod g ‘paed T
(x2400)

-a1doy *swurj [°ARI] I0 2OURISIP Jjopueis ‘esynd
~-wT ‘aanssaidisaso }ead UO SIJUSWDINSEIUW WOII UISOYD
A1Tensn ‘siejsweied juspuadspur oml saiinbax uoriel
-noTe2 SsTY] °PIPIL jusfeainbs ojuy wayl Zurlasaucd
Aq poryTidurs £73e2a8 °q UBD YIIYm BIBpP SnouTENTOA

SUTE3UO0D £1031STY SWTI-2INSSaIdIBA0 DABA ISBIqQ V
(* QITIISSVIONN uor3Iedrrqnd €QzoS 41 OMN) *dd o7
*0L6T 1290390 ‘OMN “*JTITR) ‘oye] BUTYy) °Lsuury

*d *°n Aq ‘uorsoydxyg UB I0J SPT2TX SABM ISEIH
193uey suodeay TeABN

sofdoo g ‘paed I
(x2n0)

—oa1doy *°owr) T[oAeIl I0 22UBISTP Jjopueis ‘asind
-wuT ‘aanssaidisao eed UO SJUSWIINSEIW WOIF UISOYD
A1Tensn ‘siajsueaed juspusadspur om3 saifnbax uoTie]
—noTe® STYL °PI2TL jusiearnba ojur wayil 3uUr3ILAUOD
Lq por3yITdurs £73e218 °2q UBD YOTYm BIEP SnoUTUNTOA

sUTE3U0D LI03ISTY SWTI-2aNssa1dAsA0 2ABAM ISBIq V
(* QIIJISSVIONN uoTaedrqnd ‘QZOS 41 OMN) *dd 0Z
*0L6T 1290320 ‘OMN ‘°3JTIED ‘@a3eT BuTy) - L8uupy

*d *9 Aq ‘uorsoTdxd ue 103 SPISTA 2ABM 1IseTd
I193uUa) suodeoaym TeAeRN

sordod g ‘paed T
(1200)

-axdoy “swIl [2ABI3 10 ‘@OUBISTP JJOpuels ‘osynd
—u1 ‘aanssaidisao ead UO SIUSWLINSESW WOIF UISOYD
A1Tensn ‘sisjauweaed juspusadepur oml sairnbai uoriey
-noTed STYL °PI9TL jualearnba o3ur wey3z 3urlasauod
Aq par3zTidurs £[3ie=a8 =2q ued YI2Tym BIBPp snoupunioa

SUTRIUOD LI03STY SWTI-2INSsaIdIsA0 2ABM ISBIq V
(* @IIAISSVIONN uoraedriqnd QoS 41 OoMN) °dd 0o¢
"0L6T 3290390 ‘OMN ‘*3ITe) ‘°deq Bupyy “ Lsuury

*d °9 Aq ‘uorsoldxg ue I03J SPI2TX SABM ISeId
I93ua) suodesy TeaeN

gydvod 1ovylissv




P S

seuswmouayd uorsoldxs 3o Jurpueils

—-I9pun Ino 03 33INgTIJuod ued pue ‘eIEp IJ3aBM 1SEBTq
JO uoTjENTRA® UT [nyasn ST UOTIPWIOIJUT yodns [TV

* juswainsesw ur sioairad sdeyaad Io “IseTq passndojg
Se yons 303339 auwos sarTdur a0uUaBisaTp {elep o[qell
-2a1 pue uorienlis uorsoldxe o7dwis B S23BDTIPUT UOTS
-o7dxa aenotiaed B 103 2soyl jo s3ynsal ayl Juouwe
93ULIANIUO) *PaqIIISaP ale suorieindwod aaTIeIUSS

020S dI OMN

-euswouayd uorsoldxe jo Jurpuels

-Japun Ino ol 3INQIIIUOD UBD puB ‘eIp aaBM ISe]q
JO uotrienieas UT njosn ST UOTIPWAOFUT yons TV
*juowaansesw ur sioxia sdeyiad ao ‘IseTq passndoj
se yons 329339 auwos soITdur =aousliaatp ¢{eIep 9[qeIT
-21 pue uoTleniys uorsordxs o7dwisS B S93IDIPUT UOIS
-o7dxe aernd13iied B 103 °9sayl Jo s3i[nsai 9yl Juoue
90Ua21INJdUO0H °PagIIdssp aie suoTIeINduod SATIBIUIS

AHHV 0C0S 41 OMN

seuawouayd uorsofdxa Jo 3urpuels

—I9PUN INO 03 3JINQTIIIUOD UED pue ‘BIBp 2aBM ISEBIq
JO uOTIIENnTEAd UI Tnjasn ST UoTlewaojur yons TV

* Juswainseauw ul sio0ila sdeyrad a0 €3ISeTq PISSNO0JF
se yons 309339 awos soTTdur 2ouaBiaalp {eIRP STQeRTIL
-391 pue uoTrIenlirs UOTsoldxs o97dwIS B S3IBOTPUT UOTS
-ordxs zernoTiaed e 103 asoyl jo sI[nsal ayl 3uour
20U211ndU0Y) °POqIIdsSap oiae suopieindwod sarieluss

020S 41 OMN

seuswouayd uorsordxs jo Burpuels

—Ispun INoO 031 3INQIIIU0D Ued pue ‘vIEp sABM ISEIq
JO UOTIEBNTERAS® UT [njosn ST UOTILWAOFUT yons TTV

* JuswaInNsSeak UT sIoixd sdeyiaad Io “ISETq PaISSNI0J
se yons 13109330 o2wos sarfduy a0us3iaaTpP fvIEP STQRIT
—-21 pue uorlenlIs uorsofdxe oTdulsS B S231BOIPUI UOTIS
-oTdx2 xeno-3aed e 103 9sayl jo SITNSa1 a9yl Juowe
20USIINDUO) *PSQIIdSap 21k suorieandwod dATIBIUSS

AHHV 020§ d1 OMN




BB
L

—— e ——

sa1dod g ‘paed T
(x940)

-2adsy °owr3l [aAEB13 IO 2dUe]STp jJJopuelds ‘esind
~wt ‘sanssaadasno }ead uo sjuswaInsesdw woaj UaISOYD
AiT1ensn ‘siojoweaed juspusdopur om3 saixrnbax uorief
-noTeY STY] °PIoT4A JusTearnbs ojur wayl 3UTII3AUOD
£Lq par3TTdurs AT3ea18 aq UBRD YOTYM BIEBP SnourwNToA

SUTE3uUod AI03STY SwIj-aanssaidisao aaem 3ISe[q Y
(" @4I3ISSVIONN uoriedrrqnd €QZ0S 41 DMN) *dd Og
*0L6T 1990320 OMN ‘°3JTTED ‘@eTl BUTy) “4Lauury

*d °9 Lq ‘uorsoldxyg ue I03J SPTSTX 9ABM 3ISETH
I93jua) suodeam TEABN

sardod g ‘paed |
(x200)

-21day *owrl [9ARIJ 10 DOUBISTP Jjopuels ‘asynd
-uy ‘oaanssaadiaaoc ead UO SjuswIANSESW WOIF UISOYD
iTensn ¢siajowexed juspusdopul oml saafnbai uorjey

-noTed> STYL °PTOTL juafearnbs ojur wayl Jurlxsauod
£q poT3TTdurs £73e918 °q UEBD YITyM BIEBP SNouTWNTOA
SuUIR31UOd £I03STY dWII-dINssSaidiano daBM ISBIQ V

(* @FIAISSVIONA uor3edTTqnd €0z0S 41 OMN) -dd Og

*0/6T 1290320 ‘OMN ‘- 3JTTE) ‘®jeT Buryy “4Lsuury
*d *o £q ‘uorsordxy ue Io0J SPT2TX 2ABM 1ISeTd
J23ua) suodesym TeBABN

sordo2 g ‘paed T
(a°oA0)

~axday *owIl T9ABI3 10 IDURISTP JJopueis ‘asynd
-uy ‘@anssaxdisso yead uo sjuswaINSESW WOIJF UISOYD
ATTensn ‘sisjoweaed juopuadspur om3l saaTnbax uorje]
-noTe2 STyl °PI2I4 uaTearnbs ojur wayl Jurlzsauod
Aq poar3TTduTs A73ea18 °q ued YOTYm BIEBP SnouTUNTOA

SUTE3U0D LI03STY 2WII-2INSS9IdIDA0 2aBM ISBTQ V
(*@ITAISSYIONN uotIedrfqnd €QZ0S 4L OMN) dd 0g
*0/6T 1290300 ‘OMN ‘" 3JITed ‘ae] BUTY) * Aduuty

*d "9 £q ‘uoTsoldxyg UB 103 SPTSTA °9ABM ISETH
d93ua) suodesym TeABN

saTdod g ‘paed T
(33aQ)

~a1doy ‘owWIl T2ABI3 X0 “20uBlSTP FJopuels ‘asynd
-mT ‘9inssaidiano deed uo SjuswWLINSESW WOIF UISOYD
A1Tensn ‘saiojsueaed juspuadapur om3 saimbax uorlef
-noTeD STYL °PI°TL juaTearnbs o3nuT way3l Sutj x9Au0D
£q por3TTdurs A73eai8 29 ued YITYM BIEBP SNOUTWUNTOA

sute3juod LI03STY 2wIj-ainssaidisao aaem ISEIq V
(* @ZIAISSVIONN uorlearrqnd QZ0S 4l OMN) °dd Oz
"0L6T 1290320 ‘OMN ‘*JTTED ‘@) BUTYD * ASUUTY

*d *9 £q ‘uorsoTdxjy ue 103 SPTITA =AM 1ISETY
I93ua) suodesy TeBABN

ayvo 1ovylisav




*euswouayd uorsojdxsa jo Jurpueis

-19pun INo 03 23NgIajuod ued pue ‘elep aAeM 3sSelq
JO uoTjenTea® UT [nje9sn ST UOTIIBUIOIUT Yyons [TV

* Juswaansesw Ul saoils sdeyaad 10 ‘3selq poasSsnoog
SE yOns 309339 Swos sarTdwT 90UaZIASATIP :‘BIEP SIQEI]
—-21 pue UOT3IEN]TS UOTIsofdx® 97dWEIS B S8ILOTPUT UOTS
-o1dxe aernoriaed v 203 °9s9yl 3O siinsail ayjz Juouwe
80ULa1INdU0) °paqIxdsap aie suorjeindwod sATjIelUIS

020§ 41l OMN

ceuauwousyd uorsoTdx® 3o JuTlpuels

—-J9pun Ino 03 23ngIijuod ued pue ‘elep SABM 3SEIQq
JO UOT3ENTEBA3 UI Tnjasn ST UOTIBWIOIUT Yyons TV

° Juswaanseawl UT sioalxa sdeyaad a0 ‘3selq passndojy
SB 4Oons 309332 awos SaTTdWT 20Ua3idATp {ejep 9[qERI]
~3X pue UOT3enlIs uorsoydxa a7dwrs B S33}EDTpPUT UOTS
-oTdxe aeynorlaed B 103 9sayl jo sjynsal ayj Juowe
90UaIANDUG) *paqTridsap aar suoTleinduwod IJATIEIUIS

AHHV 020§ 4l OMN

*puawouayd uorsoidxa jo Jurpuels

—-I9pun Ino 03 23nNgIajuod Ued pue ‘elep dAEBM ISEIq
JO uOTIjENTEA® UT [njasn ST UOTIBWIOIUT Ydns IV

* Juswainseaw Ul S10119 sdeyaad 10 “3IsSeTq pPassndO3
SEe Uons 3109339 =wos sarTdur 90usdiealp {elep 9[qEIT
-91 pue UOT3IEN]TS UOoTsOoTdxs 97dwTs ¥ S23BOTPUT UOTS
-o1dxe aernoriaed e 103 9s9yl Jo s3[Nsal ayl Juowe
20U21INd2U0) °poqIiosap o1e suorieindwod aATIeIUSS

020S d1I DMN

-euswousyd uoisoydxa jo Burpuels

-Ispumn Ino 03 23NQIIIUOD ued pue ‘eliep aaem ISe[q
JO UOT3ENTEA® UT [NJasn ST UOTIPWIOIUT Yons TV

* Juswainseaw Ul si01i1a sdeyrad 1o ‘Iselq passSndoOj
se yons 309339 awos soTTdwT 8ouadiaalp felep 9TQEIT
-91 pue UOTIBNITS UOTsOoTdx® aydwys B S23EDTPUT UOTLS
—oTdxe xenor3laed ® 103 9sayz jo s3[nsaa ayjz Juoue
a0Ua1INdu0) °pPIqIADsep 81k suolieindwod aATIEIUSS

AHHV 0206 d1l OMN




